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Observations of Himwich and Barr (1) on the variations in oxygen content and oxygen capacity which occurred in the arterial blood of normal individuals as a result of exercise indicated that the oxygen saturation of the hemoglobin was increased by moderate exercise of short duration. If, however, the exercise was continued to the point of exhaustion, the saturation of hemoglobin might diminish. A similar decrease was noted by Harrop (2) in a convalescent subject, and also in three patients with polycythemia vera (3). A lessened saturation was found by Barcroft and others (4) when exercise was performed at high altitudes.
An explanation of these varying results was attempted. Though the saturation of hemoglobin in the lungs is influenced by many factors, it is in the last analysis determined by two only; the amount of oxygen diffusing through the pulmonary membrane and the volume of blood flow in the pulmonary circuit; the degree of saturation varying directly with the total amount of oxygen diffusing and inversely with the volume of the circulation. It was proposed that in moderate exercise of normal individuals, at sea level, the amount of oxygen diffusing is more than sufficient to compensate for the increasing circulation rate. However, when the exertion is of an exhausting character, the volume of blood flow may increase to an extent proportionately greater than the increase in oxygen diffusion. It Table 2 presents the results on normal individuals and is reproduced here for comparison. The saturation of hemoglobin increased in exercise. It is apparent that the patients reacted in a manner different from that of normal persons. Though only a few patients were studied and the variations in the saturation of hemoglobin before and after exercise were small, still it may be stated that in diseased subjects the saturation fell after exercise.
In attempting to throw light on the mechanisms involved in producing these changes it may be pointed out that in the tuberculous subject and in the patient with the advanced emphysema there must obviously have been difficulty in the diffusion of gases in the lungs which would lead to incomplete saturation of the hemoglobin of the blood in the lungs. In Harrop's patients (3) with polycythemia vera no abnormalities in the lungs were found on physical examination but he was able to determine a decreased permeability of the alveolar membrane to gases which he considered a probable cause for the diminished saturation of hemoglobin after exercise.
In the patient with cardiac decompensation many factors may have been instrumental in producing the final result. Pulmonary congestion and other factors might interfere with diffusion in the lungs thus diminishing the saturation of hemoglobin while a slower circulation rate might have the reverse effect (Lundsgaard (7), Blumgart and Weiss (8) ). It seems possible that the decreased saturation of the hemoglobin with work, after quinidin therapy, may have been due to an increased circulation rate on the restoration of the normal rhythm of the heart. In the observation on the diabetic when severely ill and on the anemic patients, due to lack of evidence of definite changes in the lungs, the lowered saturation of hemoglobin is imputed to the same condition which causes a decreased saturation of hemoglobin on exfiausting exertion of normal subjects; namely, an increase in the circulation rate when the volume of oxygen diffusing through the pulmonary membrane has reached a maximum. The genesis of this condition was considered in the previous paper (1). It may suffice to say here that one of the factors causing increased diffusion of oxygen in the lungs is a decrease in oxygen tension of the venous blood and the latter must speedily come to its lower limit during exercise for even at rest the venous blood is quite unsaturated in severe anemia (Lundsgaard (9), Barr and Peters (10)).
An increased amount of oxygen in the inspired air might have raised the saturation of hemoglobin in the arterial blood of the patients during exercise and thus have produced a beneficial effect. Perhaps the situation here is similar to that observed by Briggs (11) who noted that the endurance of untrained man was increased on breathing oxygen while oxygen was of little aid to the trained athlete unless he carried exertion to the point of exhaustion. Perhaps in the untrained man, as in the sick subject, circulation rate is increased disproportionately to the volume of oxygen diffusing in the lungs. Six weeks before admission had noticed dizziness, weakness, dyspnea on exertion, indigestion (retching), and yellow color of face and loss of 20 pounds. Previously he had always been athletic. Admitted June 6, 1922. Physical examination revealed a well-developed man with pasty color of face and pale mucous membranes. Chest showed no abnormality. Arteries were slightly thickened. Test meal disclosed no free hydrochloric acid in stomach. X-ray examination of gastrointestinal tract was negative. Stools negative for blood, and Wassermann negative. Red blood cells 1,184,000. Hemoglobin 36 per cent at time of admission. On Ju'y 24th hemoglobin was 60 per cent. First reaction to exercise was studied on July 26th. On July 30th, hemoglobin was 75 per cent, and on August 2nd, second observation on exercise was made. At time of observation, weight was 69.4 kg. and height 185 cm. West's factor, surface area in health X 2.5, was used for calculating the vital capacity (see West, H. F., Arch. Int. Med., 1920, xxv, 306). Calculated vital capacity, 5250 cc. Observed vital capacity, 4800 cc.
Case 3. Antonia 0. Banti's disease? Age 32. Native of Uruguay. History of excessive use of alcohol. Chief complaints were weakness and vomiting of blood which began one year ago. Since admission (June 6, 1923) had brought up coffee-grounds vomitus twice and passed both bright and dark colored blood in stools. Red blood cells 1,500,000. Hemoglobin (Tallquist) 20 caught cold easily and was sensitive to chicken feathers. Patient was short and obese with cyanosed face, hands and feet, and an expiratory dyspnea. Chest was large, hyperresonant with sibilant and sonorous rhonchi. Vocal fremitus was transmitted to surface of chest. Sputum contained eosinophiles and no acid-fast bacilli. X-ray of chest showed sclerosis of aortic arch and heart enlargement to left; emphysema; no tuberculosis. Weight 86.7 kg., Height 160 cm. Calculated vital capacity, 5220 cc. Observed vital capacity, 1700 cc.
Case 9. John L. Emphysema. Age 49. For last 13 years there was increasing dyspnea especially on exertion and a loss of 32 pounds in weight. Patient was a heavy drinker and smoker. Physical examination disclosed marked cyanosis of lips and fingers, orthopnea and dyspnea which was both expiratory and inspiratory. Accessory muscles of respiration were used but chest expansion was very poor and chest wall was rigid. The chest was hyperresonant. Vocal fremitus and voice sounds were transmitted to surface of chest and breath sounds were poorly heard. There were a few dry rales over chest. Heart; left border fifth intercostal space, 9.5 cm. from midsternal line. Sounds of fair quality and regular. Fluoroscopic and x-ray examination-lungs emphysematous; thorax elevated as one piece; intercostal spaces wide; diaphragm descended slightly on both sides (marked limitation). No evidence of fluid or adhesions or masses in mediastinum. Aorta and heart were normal. Increased fibrous tissue production in bronchial wall. Diagnosis-chronic bronchitis, emphysema. Weight 71.8 kg. Height 183 cm. Calculated vital capacity, 5220 cc. Observed vital capacity, 3100 cc.
